Objective: To measure the differential expression of microRNAs (miRNAs) in peripheral blood samples from patients with intracerebral haemorrhage (ICH) and to measure the levels of hsa-miR-21-5p in peripheral blood and haematoma samples from patients with ICH. Methods: This case-control study enrolled individuals with ICH in the putamen treated by craniotomy and age-and sex-matched healthy control subjects. Serum miRNA expression profiles were determined in the patient and control groups using miRNA polymerase chain reaction (PCR) arrays. The ICH-related miRNA hsa-miR-21-5p was selected and its differential expression was assessed in peripheral blood and haematoma specimens from patients with ICH compared with peripheral blood samples controls using real-time PCR. Results: Seven patients and five control subjects were included in the miRNA expression profile analysis; and 31 patients and 22 control subjects provided samples for the real-time PCR of hsamiR-21-5p expression. A total of 59 miRNAs were significantly downregulated in patients with ICH. Relative hsa-miR-21-5p levels of 0.43 and 0.31 for peripheral blood and haematoma samples, respectively, were obtained in the patient group compared with the control subjects. Conclusion: Hsa-miR-21-5p levels were significantly reduced in both peripheral blood and haematoma samples in patients with ICH.
Introduction for approximately 10-15% of all stroke patients. 1 ICH has an annual incidence of approximately 10-30 per 100 000 people, a morbidity rate of approximately 75%, and a mortality rate of 30-50%, 2 which is associated with a heavy economic burden on individuals, families and society at large. 3 Many studies have focused on finding ways to effectively predict ICH occurrence and improve its prognosis. 4, 5 To this end, researchers are evaluating molecular markers in order to improve the understanding of their potential roles in ICH pathogenesis, targeted therapy and prognosis. 5, 6 MicroRNAs (miRNAs) are endogenous small non-coding single-stranded RNA molecules (18-22 nucleotides long) that are encoded by endogenous genes and are involved in the regulation of post-transcriptional gene expression in plants and animals. 7, 8 As novel biomarkers and regulatory small molecules, miRNAs play important roles in the diagnosis and treatment of stroke. [9] [10] [11] MiRNA expression and target gene regulation occurs mainly inside the cell, yet miRNAs are also found in extracellular fluids such as serum. 12 A study that used rats as an animal model demonstrated that miRNAs can be used as peripheral blood biomarkers to reflect relevant changes in the brain. 10 However, studies describing such a role for miRNAs in humans are scarce. 5 As one of the earliest miRNAs to be discovered and one that has widespread distribution in human cells and tissues, miR-21 has been shown to have specific expression patterns in a variety of diseases, including tumours and cardiovascular disease. 13, 14 However, the involvement of miR-21 expression in ICH has not been reported to date. Therefore, this study aimed to determine the miRNA expression pattern in the peripheral blood of patients with ICH, and to investigate the differential expression patterns of hsa-miR-21-5p in peripheral blood and haematoma samples from patients with ICH.
Patients and methods

Study population
This case-control study enrolled consecutive patients with ICH treated with craniotomy by either the Department of Neurosurgery or the Department of Neurology, First Affiliated Hospital of China Medical University, Shenyang, Liaoning Province, China between August 2012 and December 2013. The diagnosis of ICH mainly relied on computed tomography (CT) scans undertaken on a 256-detector row spiral CT scanner (Brilliance CT Big Bore; Philips Healthcare, Best, the Netherlands) or magnetic resonance imaging (MRI) scans undertaken on a GE SIGNA TM Pioneer 3.0 T scanner (GE Healthcare, Piscataway, NJ, USA). According to the CT or MRI scan results, patients with bleeding in the putamen that had not broken into the ventricle were included in the study. Patients with secondary brain haemorrhage due to brain trauma, tumour, vascular malformation, arteritis, anticoagulant use and other causes, as well as those complicated with severe primary diseases of the heart, liver, kidney, blood and endocrine systems, were excluded from the study. Control subjects were healthy volunteers from a northeast Han Chinese population who were matched by sex and age to the patient group. The control subjects were attending a clinic at the Physical Examination Centre, First Affiliated Hospital of China Medical University for a routine medical examination.
Baseline parameters for the study population were recorded, including age, sex, body mass index, systolic blood pressure, diastolic blood pressure, smoking history, routine biochemistry data, serum fasting blood glucose levels, history of antiplatelet drug use and head CT or MRI scan results. A peripheral venous blood sample was collected after a 12-h overnight fast and serum levels of fasting blood glucose were determined immediately with standard laboratory techniques using a Roche Hitachi 912 chemistry analyser (Roche Diagnostics, Branchburg, NJ, USA). Serum miRNA expression profiles were determined in the patient and control groups using miRNA polymerase chain reaction (PCR) arrays as described below. Differential hsa-miR-21-5p expression was analysed in the serum from peripheral blood and haematoma specimens from the patient group and peripheral blood samples from the control group by real-time PCR.
This study was approved by the Ethics Committee of the First Affiliated Hospital of China Medical University, Shenyang, Liaoning Province, China (no.
[2012]38-1). All study participants provided written informed consent.
Sample collection, serum isolation and microRNA extraction
For the miRNA PCR array analysis, peripheral blood samples were collected from patients within 12 h of disease onset and from healthy control subjects when they attended the clinic at the start of the study. The real-time PCR validation used either peripheral blood specimens (patients and controls) or blood samples collected from the haematomas during craniotomy (patients only).
Serum was prepared within 2 h of blood collection by centrifugation at 1200 g for 10 min at 20 C in a mini-41 C centrifuge (Heima Medical Apparatus Company, Zhuhai, China). Total RNA was extracted from serum samples (500 ml) using TRIzol Õ reagent (Life Technologies, Carlsbad, CA, USA) following the manufacturer's instructions. The RNA concentration and purity were assessed using a Thermo Scientific TM NanoDrop TM One Microvolume UV-Vis spectrophotometer (Thermo Scientific, Waltham, MA, USA). All RNA samples had an A260/A280 ratio between 1.8 and 2.0, and concentrations of 16.31-33.58 ng/l, which meant that they qualified for gene expression analysis.
MicroRNA PCR array technology and data analysis
Total RNA samples from the patient and control groups were assessed using a miRCURY LNA TM Universal RT miRNA PCR panel (Exiqon, Vedbaek, Denmark) according to the manufacturer's instructions. This miRNA PCR panel examined 179 miRNAs. Raw C T values were processed using the Exiqon GenEx qPCR analysis software. 15 Target miRNAs were normalized with internal housekeeping control miRNAs, including hsa-miR-93-5p, hsamiR-423-5p, and hsa-miR-191-5p, which are classic endogenous control miRNAs used for human serum samples. [16] [17] [18] Ratios were calculated as described previously. 19 All miRNAs with a ratio >2 or <0.5 were screened.
Real-time PCR
The miRNA target gene query page of the miRecords website was used to identify an miRNA target gene from the miRNA PCR microarray analysis results to analyse by real-time PCR. 20 This research identified has-miR-21-5p because it is associated with a number of physiological and pathological mechanisms following ICH. [21] [22] [23] [24] [25] [26] To further investigate hsa-miR-21-5p expression, serum samples from peripheral blood and haematomas (patient group) and peripheral blood (control group) were assessed by realtime reverse transcriptase (RT) PCR. Total RNA extraction was carried out as described above. First-strand cDNA was synthesized using a PrimeScript RT reagent kit (Clontech Laboratories, Mountain View, CA, USA) according to the manufacturer's instructions. Hsa-miR-191-5p was used as an internal reference. The following primers were used:
hsa-miR-21-5p, forward 5 0 -GGGTAGCAGCACATAATGG-3 0 and reverse 5 0 -CAGTGCGTGTCGTGGAGT-3 0 ; hsa-miR-191-5p control, forward 5 0 -GGCAACGGAATC CCAAAAG-3 0 and reverse 5 0 -GTGCGTGTCGTGGAGTCG-3 0 (Kangcheng Company, Shanghai, China). Each 25-l RT reaction mixture used for real-time PCR contained the following: cDNA template (2 l), forward and reverse primers (10 M, 1 l each), 2 Â SYBR Green Premix Ex Taq TM (12.5 l) (Exiqon) and nuclease free water (8.5 l). Real-time PCR was performed on an ABI PRISM Õ 7900 real-time PCR instrument (Life Technologies). The cycling programme involved preliminary denaturation at 95 C for 10 min, followed by 40 cycles of denaturation at 95 C for 10 s, annealing at 60 C for 60 s, and elongation at 95 C for 10 s, followed by a final elongation step at 60 C for 1 min. All samples were evaluated in triplicate with negative and positive controls on each plate. The relative expression levels were obtained as described previously. 19 
Statistical analyses
All statistical analyses were performed using the SPSS Õ statistical package, version 16.0 (SPSS Inc., Chicago, IL, USA) for Windows Õ . Continuous data are presented as mean AE SD. Following a homogeneity of variance test, one-way analysis of variance was used to compare the patient and control groups. Categorical data are presented as n of patients (%) and Fisher's exact test was used to compare the two groups. To demonstrate the relative expression of miRNA, Student's t-test was used to compare the two groups. A P-value <0.05 was considered statistically significant.
Results
For the miRNA PCR microarray analysis, peripheral blood samples were collected from patients within 12 h of disease onset (patient group, n ¼ 7) and from a group of healthy control subjects (n ¼ 5). Real-time PCR validation was carried out with peripheral blood specimens or blood samples collected from haematomas from patients during craniotomy (n ¼ 31) and from peripheral blood samples obtained from healthy controls (n ¼ 22). The baseline clinical parameters of the two sets of patient and control groups were assessed (Tables 1  and 2 ). No statistically significant differences in age, sex distribution, body mass index, systolic and diastolic blood pressure at admission, routine blood examinations (white blood cell count and platelet count), fasting blood glucose level, smoking history and antiplatelet drug use history were observed between the two groups used in each analysis. Preoperative CT or MRI data showed a mean AE SD haematoma volume of 35.59 AE 7.11 cm 3 for the seven patients with ICH who were assessed in the miRNA PCR microarray analysis; and the 31 patients with ICH whose samples were evaluated by real-time PCR analysis had a mean AE SD haematoma volume of 33.87 AE 6.47 cm 3 . The miRNA profiling demonstrated no differences in the expression of the housekeeping genes between the patient and control groups. Fold changes of 1.07, 0.92 and 1.02 were consistently obtained for hsa-miR-93-5p, hsa-miR-191-5p, and hsa-miR-423-5p, respectively, which confirmed that these miRNAs were suitable to be used as internal controls. A total of 80 miRNAs that had a >2 fold change (FC) were recorded in this analysis. Of these, 78 were downregulated, with 59 showing statistically significant differences (P < 0.05) ( Table 3 ). The other two miRNAs were upregulated (hsa-let-7i-3p and hsa-miR-296-5p), but there was no significant differences. As shown in Table 3 and Figure 1 , many miRNAs showed a pronounced downregulation, with hsa-miR27a-3p having the most notable reduction (FC 0.03); and among the upregulated miRNAs, hsa-miR-296-5p expression increased by approximately 5 fold.
The following three databases, miRBase, 27 MicroCosm Targets, 28 and TargetScanHuman, 29 were used to analyse the miRNA sequences and to predict the target genes. The function of each target gene and its related signal pathway were studied using the NCBI database. 30, [21] [22] [23] [24] [25] [26] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] Haemorrhage-related miRNA was screened according to the target gene prediction, signal pathway and the significant expression of miRNA in this study (Table 4) . [21] [22] [23] [24] [25] [26] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] The expression of hsa-miR-21-5p was assessed by real-time PCR in peripheral blood and haematoma samples from patients with ICH (n ¼ 31) and a group of healthy control subjects (n ¼ 22). Both the target and reference genes had amplification curves presented as 'S' and the melting curves Data presented as mean AE SD or n of patients (%). No significant between-group differences (P ! 0.05). Data presented as mean AE SD or n of patients (%). No significant between-group differences (P ! 0.05). showed a single peak. The internal reference gene exhibited stable and constant expression among both groups without overt differences. Compared with control individuals, lower hsa-miR-21-5p levels were obtained in the patient group, both for peripheral blood and haematoma samples, with a more pronounced reduction in the latter, in agreement with the miRNA PCR microarray analysis. The relative expression levels of hsa-miR-21-5p were 0.43 and 0.31, in peripheral blood and haematoma samples, respectively (P ¼ 0.006 for both comparisons versus the control group) (Table 5, Figure 2 ).
The downregulation of hsa-miR-21-5p was more pronounced in haematoma specimens than peripheral blood samples from the patients with ICH (P ¼ 0.002). The colour version of this figure is available at: http://imr.sagepub.com. Table 4 . Target gene prediction for the microRNAs identified in the microRNA polymerase chain reaction microarray analysis in peripheral blood samples from patients with intracerebral haemorrhage (n ¼ 7). [21] [22] [23] [24] [25] [26] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] MicroRNA ID Target Hypertension is the most common cause of cerebral haemorrhage in the putamen. 41 To eliminate the influence of other causes of cerebral haemorrhage (e.g. amyloidosisinduced cerebral haemorrhage) on the experimental results, this current study only included patients who experienced ICH and had radiological evidence that the bleeding was restricted to the putamen and did not break into the ventricle. A total of Figure 2 . The relative expression of hsa-miR-21-5p in peripheral blood and haematoma samples from patients with intracerebral haemorrhage (n ¼ 31) compared with a group of healthy control subjects (n ¼ 22). *P < 0.05, Student's t-test. 179 miRNAs were examined using a miRCURY LNA TM Universal RT miRNA PCR panel. Hsa-miR-93-5p, hsa-miR-423-5p and hsa-miR-191-5p were selected as housekeeping miRNAs, [16] [17] [18] so that expression levels of the target miRNAs could be normalized and comparisons made between samples from the patient and control groups.
To date, miRNA research has focused on ischaemic stroke and reports assessing miRNA expression profiles in patients with ICH in humans are scarce. 5 This present study identified a variety of miRNAs differentially expressed in peripheral blood samples from patients with ICH, which suggests that specific miRNAs might be potential biomarkers for ICH. Among the 179 miRNAs previously validated in serum/plasma samples, 80 showed a fold change >2, including 59 that were significantly downregulated. An analysis of 384 common miRNAs in a rat model of ICH found 36 and 19 miRNAs that were downregulated and upregulated, respectively, but only six showed significant changes. 10 An increasing number of studies have shown the involvement of miRNA in multiple stages of brain damage. For example, miR-125b induces apoptosis via distinct pathways. 42 In this present study, hsa-miR125b-5p was significantly downregulated in peripheral blood samples from patients with ICH (FC 0.22; P ¼ 0.027). In addition, MiR-126, miR-155 and miR-146a/b were shown to be involved in the inflammatory response following ICH. 10, 38, [43] [44] [45] Likewise, significantly decreased expression levels of hsa-miR-126-3p (FC 0.33; P ¼ 0.002), hsa-miR-155-5p (FC 0.41; P ¼ 0.003), hsa-miR-146a-5p (FC 0.35; P ¼ 0.003) and hsa-miR-146b-5p (FC 0.18; P ¼ 0.042) were obtained in peripheral blood samples from patients with ICH in the present study. Furthermore, miR-143 was found to regulate brain oedema after ICH; 46 and similarly, this present study found decreased hsa-miR-143-3p levels in the peripheral blood of patients with ICH (FC 0.48), but it was not significant. The present study showed that the expression of hsa-miR-27a-3p was significantly reduced in the peripheral blood of patients with ICH (FC 0.03; P ¼ 0.009). However, analysis using miRNA target gene prediction software and relevant databases suggested that hsa-miR-21-5p (FC 0.40; P ¼ 0.016) is associated with a number of physiological and pathological mechanisms that occur following ICH, so this miRNA was selected for the real-time PCR analysis in a larger group of patients and control subjects.
The gene encoding hsa-miR-21-5p is found on chromosome 17q23.2 and is located within intron 10 of the TMEM49 gene. 47 Hsa-miR-21-5p is widely distributed in human cells and tissues. For example, miR-21 levels are elevated in lung, breast, colon and other cancers. 48 In addition, hsamiR-21 plays a pivotal role in cardiovascular disease. 49 Increased hsa-miR-21-5p expression was found around the infarct area in the later stage of acute myocardial infarction. 50 Furthermore, hsa-miR-21-5p has a protective role against ischaemiainduced apoptosis. 50 Hsa-miR-21-5p is also highly expressed in vascular tissues in patients with pulmonary hypertension. 51, 52 In contrast, reduced miR-21-expression was found in plasma samples from patients with acute cerebral infarction. 53 The present study examined miR-21-5p expression in peripheral blood and haematoma samples from patients with ICH and healthy control subjects using real-time PCR. To our knowledge, this is the first study to describe miR-21-5p expression in haematoma samples from patients with ICH. The present study identified identical changes in miR-21-5p expression (i.e. downregulation) in both peripheral blood and haematoma samples from patients with ICH, consistent with previous findings in a rat model of ICH. 10 In addition, the present study found a more pronounced reduction of miR-21-5p expression in haematoma samples compared with peripheral blood (relative expression 0.31 versus 0.43, respectively; P < 0.05). Previous studies have demonstrated the involvement of miR-21 in multiple pathophysiological responses, including apoptosis and inflammation. For example, miR-21 reduces apoptosis via Fas ligand regulation, which is associated with its protective effects on neurons as shown in a recent intracerebral ischaemia study. 23 In addition, miR-21 can repress the expression of the 'phosphatase and tensin homolog deleted on chromosome 10' (PTEN) gene, whose product negatively regulates the PI3K/Akt pathway to decrease endothelial nitric oxide synthase amounts and activity, thereby reducing inflammatory responses in endothelial cells. 24 MiR-21 has a regulatory effect on the matrix metalloproteinase inhibitors reversion-inducing-cysteine-rich protein with kazal motifs and tissue inhibitor of metalloproteinase-3, enhancing the synthesis of cerebral matrix metalloproteinase (MMP). 21 MMP-2 and MMP-9 have been suggested to be closely related to poststroke vasogenic oedema. 25 MMP-9 contributes to the development of cerebral vasogenic oedema during the early stage of brain haemorrhage through destruction of the blood-brain barrier, 54 whilst further deteriorating the oedema along with synergistic effects of thrombin. 55 The evidence suggests, in our opinion, that miRNA-21 might be engaged in multiple regulatory pathways following cerebral haemorrhage, namely neuronal apoptosis, inflammatory response and brain oedema. Therefore, miRNA-21 might have an important role to play in the prognosis of patients with ICH. Downregulation of miR-21 expression in the peripheral blood of patients with ICH might induce pathological changes to promote neuron apoptosis, possibly reducing inflammation and the occurrence of cerebral oedema.
This study had a number of limitations. First, perihaematoma tissues from patients with ICH were not available for ethical reasons, but alterations of miRNA expression in perihaematoma tissues can be inferred based on those occurring in the haematoma. A number of issues remain to be clarified by future studies. For example, it is not known why different miR-21-5p expression levels were found in haematoma and peripheral blood samples. In addition, miR-21 participation in regulatory pathways in ICH and the exact mechanisms of its effects need to be investigated.
In conclusion, miRNAs are engaged in the pathophysiological mechanisms of multiple processes following ICH, which provides a theoretical basis for the further clinical evaluation of miRNAs to predict ICH occurrence and improve patient prognosis. Considering the large number of miRNAs that exist, and that a single gene can be regulated by multiple miRNAs, a comprehensive understanding of the mechanisms by which miRNAs might be involved in ICH remain to be validated in follow-up studies. More in-depth research should result in novel therapeutic strategies based on miRNAs to mitigate brain haemorrhage after injury and improve patient prognosis.
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